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Optimization of Analytical Conditions for the Quantification
of Explosive Compounds in Soil using HPLC
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’Department of Environmental Horticulture, University of Seoul

ABSTRACT

A series of experiments was performed to develop an optimized analytical procedure for the analysis of explosives in soil
by HPLC with soil samples collected at two live-fire military shooting ranges. The minimum amount of soil to be col-
lected, Wmin, for the analysis of explosive compounds was 125g, based on the segregation and homogeneity constants
that account for soil heterogeneity and non-homogeneous distribution of target explosive compounds. The optimization of
extraction and HPLC analytical conditions were also studied based on analytes CV values. The most effective soil/
extractant ratio was estimated to be 10 g-pretreated soil/20 mL acetonitrile as extractant. The optimized HPLC elution
conditions for the separation of US EPA designated 14 explosive compounds, were column temperature 30°C, eluents ratio
of isopropanol : acetonitrile : water =18 : 12 ; 70, and flow rate of 0.8 mL/min at 230 nm. However, UV wavelength
254 nm was better for the analysis of NB, 2,4-DNT, 2NT, 4NT, and 3NT.
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FHt vi=7)A] 9 Foje) ojdy o] 3bA TG T
APRPER o 8EE Aol FAAVEO A T 2
2 N2E BHog WAL glou AR, 53] AL
2 EYolut ARl Fasat SIEERE Q9E 3
o} o, 71 FAREAA fEE LEERe] T’k
S BEZ fEE] AZAGY QRRE 2 AejA] oFgEF
< Fa Utk 98 mE FARYY EGOIA 0.044~
13,900 mg/ke®] RDX7} A& S UK Walsh and Jenkins,
1992). wl= 3747 7ol ofshd ulEAQ] 1dsseF
(High Explosives)?! TNT$} RDXE O UEAE 714
o] glon S84 7|1FE TNTS RDX7F 42} 2 pg/L2
9 e Heg EAo] II(US EPA, 1998a; US EPA,
1998b), A3 EASlo = Iz E A Ale] & ot
e & 4 ok 28y S EY F TNT RDX 58
F3lshe skl #st BaPio] Ee] A et

B9k 2 ¥ A& (sediment) W] IIEAL GC
(Gas Chromatography) % HPLC(High Performance Liquid
Chromatography)2 #8F 4= JA|g dubH oz HPLC
= ARS3E Hadglo] 7t A AREE AL 1™ (Cassada
et al, 1999), o]5 AAHS=Z AHegt o] wl= EPA
SW- 846 Method 83300]c}. o] W& EQHAA AlgE
AZ% o, R qiFd FeFEA(Table 1)S

acetonitrile(ACN)YS 8iE 3} sonication® & FE3}11,

Table 1. US EPA designated 14 explosive compounds

@ -

Flok

A (salting out) E J7} = HPLC RP(H, Reversed
phase) C18 Z#& olg3lo] Relsli UVE AEA%st
= 28 7Eoz 3tk Rp CI8 Aol eld e
o] gelg k] N ZRIoE ARAEHH, CN 24
oA RP C18 ZFolA Yehd 88 A9 Jeos
slekEAo] g€t

B dPolxle HPLCE ©]83 B4Rl Sw-846
Method 83302 71E-O.F 319 US EPACIA A3 F8
SFEA 1428 o BAS 3lE, o] WY o)
Al BAE e Aes dH7 B AS AT, erd
B Re) oy, B9 58 Basi, @M A3
ofsh= EQAIRHS Ak, BAS HAsksIlH-

ol

2. Xz o ek

2.1. ESAIE #

Aol AHE EdARE 7= AT 272 GN
A2AAF} 91 DR FPAAES sl 4 AFAAelM
ANas AFSIL. A F9o] 9 F9 GN AREE
3 DR AFEAS HMX, RDX 2 TNTS} 22 145
3}oK(High ExplosivesyS ¥ &3+ X8-S AME3HH, GN
A BAL silt 2 clay STl 49.49%=F E& b
H, DR AMFRS ould AHEHoR st silt 2
clay AEHI7} 10.57%F GN AFEA] vIgke] of 4.6:)
YtK(Table 2). B 547 24| thgell weh GN

Compound Abbreviation CAS No.
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine HMX 2691-41-0
Hexahydro-1,3,5-trinitro-1,3,5-triazine RDX 121-82-4
1,3,5-Trinitrobenzene 1,3,5-TNB 99-35-4
1,3-Dinitrobenzene 1,3-DNB 99-65-0
Methyl-2,4,6-trinitrophenyInitramine Tetryl 479-45-8
Nitrobenzene NB 98-95-3
2,4,6-Trinitrotoluene 2,4,6-TNT 118-96-7
4-Amino-2,6-dinitrotoluene 4-Am-DNT 1946-51-0
2-Amino-4,6-dinitrotoluene 2-Am-DNT 355-72-78-2
2,4-Dinitrotoluene 2,4-DNT 121-14-2
2,6-Dinitrotoluene 2,6-DNT 606-20-2
2-Nitrotoluene 2-NT 88-72-2
3-Nitrotoluene 3-NT 99-08-1
4-Nitrotoluene 4-NT 99-99-0

Table 2. Soil texture in DR and GN shooting range soils

Coarse Sand (%)

Fine Sand (%) Silt-Clay (%)

DR Shooting Range 47.77
GN Shooting Range 1.86

41.78 10.57
48.19 49.94

Coarse Sand: 4.75~0.425 mm; Fine Sand: 0.425~0.075 mm; Silt: 0.075~0.002 mm; Clay: <0.002mm
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A4} DR A2

AgE ESR glokEdo] dEsiAY &
TEY] 79 B0 &5 Aol MR targ@h
TAARIFAL 2002; SHAREFAL 2005).

AR ARE AR e oy 2 ¢4
GAolN Fto] FUgE E&o] Q= crater Aol =
7] 30 cm x 30 cm WETF o7)F AXs)aL 2z W)
A FUS TR EYAEE AT AFHS A=
€ SRR §F & 1] 997t Yl plastic

e oy, RS d3A el

2.2, A& Mx{z|

Bl 7% Jenkins et al(1989) EPA SW-846
Method 8330 7|Z= 3l ¥F sonication =2HPHS
ARSI ARE AARgA] tigt AR A =& glo]
Aol FAANZ TS 308A1(0.6 mm)E A ABSH)
71 o 20mL 24 fEgel 2,02 AESH 10 mLY)
ACNE Z7I8laL, PTFE lined septaZ A3t capoa
ESCE AIESF ACNe] 7R 2 fepEe 113 =
73] &334, sonic bathollX] 1847} 52t sonication
|AZEL} o)1) sonic bath®] 257} 300CE WA Ye=
o8k}, Sonication YHE & 3087 AT AL, Aol

t]

ol
5.0mL¥} calcium chloride solution(5 g/L) 5.0 mL-S ©h
%1—
=

F

S

F 20mL 24 fepgoll Wrleli, AleE 83 &
stod oF 15EIF WAL A9 A5 smL
020 um®] F=-5 712 PTFE syringe filterS ©)-&35}
ol} sl HPLC #4802 AM3In). o) o), 7] &
=Y 3mLE ML Y] AlE ARSI

2.3. HPLC 24

EY AR gofEd B8 photodiode array(PDA)
A=717F A2 Varian Prostar Gradient System(240
solvent delivery module, 335 photodiode array detector,
410 autosampler, 500 column valve module)g AE-3}
ATk Table 331 o] sjeFEd ¥4 RP CI8 Y
(Shiseido CAPCELL PAK-MG, 250 mm x 4.6 mm)y= A}
8ot 2 2= 45°C, o1 % 0.8 mL/min, °1%
4 4 methanol : H,O =55:45, F% Al&28 20uL,
A 230 nm] Z7A B2 7 AlEs 23]
FHE TAElEeH, Al T FofEd TEe ¥F D
oFEH] Aol 3 hS Galaxie Workstation
vi.180l A-gslod Auksidct. A=Ae AccuStandardel]
Al S B2 etEd 1459 FEE 0.1, 1.0, 100,

25.0, 50, 100.0 mg/LZ 6 A nFAEL eI 23]
TUS A e nio g ZAAdsIelt).

24 \EMHY 2F

Visman®] AEANF = @A FH o Sk A
5o & ZA AREH O HHE vest 2UUs
EPA, 1992). HAXNSANZEW,, 07 HEASAHEHW,,)
o o BAG AT 2 set] AR B AR
AW EHA, ByE ARtsle] 24t 94 i #AE
ol B 71 oo 4E 71X BUF =7)e] A
e AN PP B 7] WETA 9
o2 AE 2% AR ofFel Zzke) WETe
qelz 3 WA Al 100 obdel sldshs Ale
e AA. 7 AR BARIBAY FET 45
3 A 9 OE As PEEEW, Wo)ok 24KGs,
s AEEL v A (1), @F ARt A
A(Homogeneity constant)®} B(Segregation constant)E-

ek,

W, x Wyx (s?—si)

o>

1
a7, (M

g Ap 4
B=y 7, Sy 7, @)

ZAVRIE FHAsPPEA 7Y B ARE &= 5 Qe
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=

A
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akal, gl wEbME 5 gs ARBSle] 2t AR Z
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Aol wel USR] 21 UthJenkins et al., 1996a;
Jenkins et al., 1996b). o] F2EE-S H7}1517] 93t
FEoe B Algde) 2849 ACNY] BlES W
SATTEA AL EY AIEE sonication® 2 &L,
A3 AR W sleREde] & HPLCE #A3F the
7} spebEde] HEesel EFAXE Asie] Akkst
CVitE Hlushs AFATE a5t

DR AFAROIA AjF3 EAIEE o4
=, 30HAZ A AE3N] wRARe)| o} plastic bagdl]
Wi 2wkl shue] FAAER et AR
& oM AR g 10g 20g) HEFst 40
mL ZAHEHe ¥il, ACNS ZH} 10 mL, 20 mL, 20
mL¥ 71548 YolF U PTFE lined septa® sk
capo 2 LRSIATE. o] W) Z}zke] Hzlo sl g
AES k. Al8E sonication F23 TS HPLCE
A3t

14 203 o

2.6. HPLC E2[¥ AlE

Methanol} &8 ©J5FO & o]83= EPA SW-846
Method 8330 "HH-E 3J1FEA 1458 3 He] BXow
72 & & gk dE 59, Methanol} E9] H|-80]

ZAE - apaE - A

o

55:45% B4 A TNT 12} 9542 2-Am-
DNT$} 4-Am-DNT7} TNT9} S3Ho] &€}, o=
HESRs B B4 vhHo] 2-HADNTS} 4-HADNT, 2-
Am-DNT$} 4-Am-DNT, 2,4-DANT$} 2,6-DANT, 2,2
azoxy9} 4.4'-azoxy$} -2 isomer paire] £e]7} ole}s-
A Y3 A3} o|thHilmi et al, 1999). ACNeJt;
tetrahydrofurang S ©]-8-g Wo] /NMEHYIL BIE B4
Alzro] dojAlE @o] AT isopropanots: ©]-§-3F v
Hol 7P £& Wog RuE T JtHBouvrier and
Oehrle, 1995). ©]ol] ¥ AHIAMZ= isopropanol, ACN
2 5 o5 R o]83l 3 W] HHoz slekEd
1485 25 28] & o b= HH9| Hles dYsie 4
FE 3k =S HE 24 2, 75 2 BN oRgE
AHshs Adgs TS (Table 3).

3. 4% 9 nE

3.0 A SR F = HN

DR 2 GN AFEAIA QF3 BEGAEE AAg)sla
HPLCZ 43t d7s aokPd th29] Table 4 & 59}
2t} Table 49} Zo] U=FAE(DR Wyl g B44

Table 3. HPLC elution conditions for the analysis of explosive compounds

Elution conditions

Mobile Phase

Column Temperature 30~50°C
Flow Rate 0.8 mL/min
Injection Volume 20 uL

Detection wavelength
Column

methanol : H,O =55 : 45 or Isopropanol:Acetonitrile : H;O=18:12: 70

UV 230 nm or 254 nm
RP C18 (Shiseido CAPCELL PAK-MG, 250 mm x 4.6 mm)

Table 4. Concentrations of explosive compounds in DR military shooting range soil

Explosive Wi W

Compound Average (mg/kg) Variance Average (mg/kg) Variance
HMX 0.016 0.001 0.067 0.020
RDX 29.401 1301.49 34.038 607.813
TNT 0.000 0.000 1.947 17.571

Table 5. Concentrations of explosive compounds in GN military shooting range soil

Explosive W, W,

Compound Average (mg/kg) Variance Average(mg/kg) Variance
HMX 0.243 0.026 0.162 0.018
RDX 20.573 56.090 20.947 91.043
TNT 10.677 74.357 17.769 187.765
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7, DR AFEA9] HMX, RDX ¥ TNTY HiFsri
0.067 mg/kg, 34.038 mg/kg, 1.947 mgkel 2 FH 29
3lekEd2 RDXOIH, RDX(HEFAIESF, 9/9), TNTE
STAET, 8/9) 2 HMXFHEFAIES, 59)9] 205
HEHATHdata not shown). ©]ol] ®kaled AgAlE (DR
WyllA e HE5E7F 29401 mgkeg?! RDXSF 0.016
mgke?l HMXE #AEH00 TN 25 AE=A] o
AT I o= TNTY A$ Efolr daptos &
FE3p7] oz dAdEd o= TNTY Eof tist &)
7 130 mg/LE Smg/Let 42 mg/Lg]l HMXS} RDXo|
Hgte] A Bl & F3En, B dig faln
7F v =2]7] wjiolt. tEe] B9l galE TNT= %
sjeba] 28 B 28] o8| Eaje 4w} ]
A W] wjFo|ot, ek Al o] AF AARA
ARG AR 2 Fo] AepA] 28 uMESFYA} 4
2 QG fEEE Aoty wleb B EAZ
Fol 22 A5, 3080 23 AAE HANA FFS)
— B o] o} BAA] & oxp) waEt 5= ik
GN AAEe] BAAue = DR AT o] RDX7}
e, THIAIE(GN W9 29 HMX,
RDX 3! TNT®] Hi§%E 0.162 mgkg, 20.947 mgke,
17.769 mg/kgo]AtKTable 5). RDX(ASFAIES, 9/9),
INTEHETAIEST, 99) L HMX(ASFAIES, 8/9)]
o2 HAZHtH(date not shown). 18v GN A}EAR
< siltgo] Bor UERYIL uE #AR 9dEA)
EZ} v FEt) web GN AFAR slered B
A7 0.018~187.765 Y2 variance} 0.020~1301.492]
Helel DR AR variancedl] BIBl] ZRe AL & 4=
At}

DR A7 GN Al elM 35208 RDXV} 742}
34.038 mg/kg, 20.947 mgkgO&® 7P =& FLE Ho)
il lem, RE AlgolM AZEQT 2Eg A3 v
AE HFiAE RDXE 71FEdAE A4 dev) 9o
ol Alge] AHHFS A= A5 A(Homogeneity
constant)®} B(Segregation constant)E RDXE 7]Zo %
ARt S, AP ARE o9 Table 60 20F319T}.

b HGAZHHFH W) DR Ao 49
21.39 go|"], GN AR ol9} HIZ=3t 19.57 g0 2 ARt
ATt 20 wslo] HAAAFEW S DR AFERA
+ 10.55g, GN ARFAOI M= 086 g2 GN AFZA0)
DR AFEZe] 171007 AuA] =t} 0|9} e Avpe
871014 71t vie} o], GN AR E BEokzA
o] wjg- U WA, DR AFAALS Eoko] ke 21 x}
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Table 6. Estimated values of A (homogeneity constant) and B
(segregation constant) based on RDX concentrations in DR and
GN shooting range soils

Constant DR shooting range soil GN shooting range soil
A 12,228.76 365.10
B 571.67 18.66
W 21.39¢ 19.57 ¢
W in 1055¢ 086 g

o, o37]A BG(Background concentrationy 0.00°.2. AAk

Table 7. Comparison of CV values in DR and GN shooting
range soils

Sample HMX CV  RDX CV  TNT CV
DR W, 208.93 7243 21533
DR W, 220.62 122.70 0.00
GN W, 81.62 4555 77.11
GN W, 66.52 36.40 80.77

74 o dEe] ) wiEolt)y, APHoE AFH BEUYE

X sl FARIE of 20%5 WA HEg Hi s

o] Eds AFH3E Ao] uigAls Aoz wekdr)

webA] 125 g HE EY ARE AR 2o] A48E A

Ji=s

Eoh) sefEde] E#d EXE Coefficient of

Variation(CV = FFHA} / F % 100)9] BlawelM= vet

wt}, 237] AlFo Wigh CVEke 2PEE Aabke= Table 7
3 2}, AukEo g Eoh) Q\EHo| Bdsld B2
3= DR AREAOlA Q] CV el 72.43~220.62%% GN
AAAel CViE WY 36.40~81.62%0 Bla 2.5) ol
Z=3ITE DR AFERS] 7ol HMXSF RDXS] CVgkol
AT EGAIEHC] B HA(DR W) 208.93%,
R3%E AHAI} EGA o] 4 ZDR W)
220.62%, 122.70%X.tF 22 3hs Holu U
TNTS| 7% AR RAAME 8] AE0] HA] o} vln
71 YAt GN AFARe] A9 A3 81.62%1M F
45.55%2] THERAIS(GN W,) CVET il 80.77%9)
HA 36.40%2] 2FAEGN W) CVEke] sl =2
T}

Crockett et al.(1997) v]=2] Superfund X|je] 2%
BT E ol&8sle] PCBY CVELE 0.21~54%2 Zhe)
WPt A7) UAE, sjokF 0. BEke] Ea Aol
© TNTY CV#ol 127-335%2] W3E Ho|m median
CVato] 284%0]QaL RDX2] ZA9-<le Cvikel 129~
203%2] HAZ 7™ median CVEo] 137%2}al Bus}

?‘:}__
]
A1

A
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Ack. B A7tellA 283 DR AR 9% wl= &
Aduel FUe AE Bolw vt 22v GN AFER
ANE EGY FdAcl 2 B o5t v

Superfund A|Fol|A AAE CVak BeETE 85 ke 4=
Foz e,

olxku} Zke E- S
Eﬂ] sl *‘?*’3«9] SAFE A7

99% Zolch. YEAHY PROmE 4719 DR AR
R R T T ey
oJsels ElRel AH WS FAAL, BN

& W=v W, AISA|SA|Z Y (stratified sampling) 2
Age] Eddds aA7E W 5] JtH(Crockett
et al., 1997).

32. 8™ FEMSY EN
Az BX43 EPA SW-846 Method 8330%¢)

%F 20 g/ACN 20mLe] 7%= HMX, RDX % TNT
o] F%rt 7zt 0.866 mgkg, 5.075 mgke, 3.783 mg/kg
Aot e R vwshd E 2 g} ACN
10 mLS ¥& EPA SW-846 Method 8330804 2] Blek

4 St F ko), BERAR 7Y 2 et
Wit Badge] Joping $8te] cviks AkkE 2
= Table 83 2T},

FEEZO| 7P 22 2 W] Cvgke] BE °L€
A SAYRAAM 7 ZA ‘/}E}‘)ﬁ:} 3 FEEFS

I.Et

18] 58 20 21 797t FEEH 10 gl HISHA ;ol
CV7} 2 Aoz R mebA Alge] Yol AE 7
4, B9 RO BiEgo s QI vl wA A
= glor, Alg7F U5 B8 739l= sonication ofi4X
o] A K&y} FEAFFAEEY vl SOl o) F

_—

Table 8. Comparison of CV values of explosive compounds

2 E% 2gACN 20mL A|AE HMX, RDX g based on the amount of extracted soil/extractant (acetonitrile)

i HMX CV  RDX CV  TNT CV
INT7} HisE=E Z}2F 1.017 mgke, 7.200 mgke,
8.400 mg/kg® @ VERITH ESF 10 g/ACN 20 mLE X Soil 2 g/ ACN 10 mL 62.76 45.46 124.96
5 - Soil 10 g/ ACN 20 mL 22.37 9.60 19.90
3 A|ZoXE HMX, RDX 2 TNTY #Hiswr) 4 rive
Soil 20 g/ ACN 20 mL 37.70 15.86 31.86
Z} 0.606 mg/kg, 5.474 mg/kg, 3.754 mgkgoloH, E
50 - - -
i3I0 : F (@) 30 T
40 8 2 H £k
35 % £ 2 = £ g Ew ..
30 :
25 = & < & 2 o2 gg - .
20 3 Ex 5 835 P°¢ - g
qo MMM s
(5)~ [ RT (min
B R & RS R af s Laaasaaea e o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
50 . - :
45 mAU .g E E E .. (b) 40 oC
40 : g = 5 cEE
35 x £ z ¢ 2 Efr g
20 ioe L T B -
25 % ¢ 528 8% .
20 4 = Fa 3 gk E £ £
o0 5w ~
15 &5 3 = <
g f RT {min
LR UL UL I T T v T LR LR RN ISR R T T T LML L I | URMRRE RRRR
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
50 - < = <
45 dmau £ E g £ £ (C) 50 C
40 g I -
35 x £ e o E g0 2
30 : - T -
25 g ocofllE o L.
20 2 e FB g £ g
15 SR N 8 & ]
g RT (min
A A £ R A = R A i

Fig. 1. The effects of column temperature on the separation of 14 explosive compounds under the same analytical condition
(isopropanol : acetonitrile : H,O = 18 : 12 : 70, flow = 0.8 mL/min, injection volume = 20 pl wavelength 230 nm).
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SEE0] AslElo] glefEd #4jo] A A 4= o)
TR AV AFARE ngo dohE s 23
3 FEEPAEH/ACN HIES B 10 g/ACN 20 mL
B2 SAE 7 ACNG] AMEEES EolEW B 5y
ACN 10mie] HIZ F&3l= Alo] 71 ulggdh zo
2 UERTE o] HT EPA SW-846 Method 8330b%
o] FEEWAEH/ACN B8-S EF 10 g/ACN 20 mL
O JhE3 AR FUS Holtl(US EPA, 2006).

3.3. HPLC £2|

Ul EPACIA A3 BlofEd 1420] ReEls 93 4
T RP Cl18(Shiseido CAPCELL PAK-MG, 250 mm
x 4.6 mm) ZHE o]gsle] ST} o] L] P
< UE Zde] Haqh ek 3800 psiell ISl v gF
2 (©F 2200 psipliA Gelso] Zle] 4o] =1 A
@do] T Aol Qltt gubH oz sjokEy B A}
B3R methanol?} E-& ©1§31S 749 slobEd 142
EFE 9% 4 §19] isopropanol, ACN @ B o]&-
st g Wo] RS B3l slokRd 142S BT 2y
o 7 e FHH9 HgS AR HES stk 1
A3t Fig. 191x9} 2o] slered 1459 Bgvt 7153}
k. olwf sjoFEA 14%9) o) 2uH(Theoretical Plate)
= 8000~20,00022 AFYEATHTable 9). e} 2
255 30°CAM 50°CE 10°C THHAOZ AJeAlyn 2l
3 B Ad ZEenr) 300cY W) 222ol|A] 328 Alo]

o] %% NB, tetryl, TNT, 2-Am-DNT, 4-Am-DNT,
24-DNT 9 2,6-DNT/} 5] 259 A5l we} 12
Fo gefEdo] FHE SHAtFig 1). ol
Borch et al.(1998)°] RP C8 Z#H3} ion-pairing agent
E ARgSt] AFS duels ditididolt) 420cd
4-Am-DNT®} 24-DNT7} T35 0] §l=IJAT 47°C}
500colA] B33 At 257 ASESE 4 Am-DNTS}H
2,4-DNTE X313t slekE4del Felxr) 3Pd=in)

olde] 8] AiE nigle g 49 2%+ 3007} 7}
2 2A3}H, Isopropanol:Acetonitrile : Waterd] H]-&-2
18:12:70, §3:& 0.80 mL/min §1 7-$7} 7P A2
fe)zA2 Ao P

33.0. WAL B A A

3718 EAPIRHEE o]83l] 99% Aol A] S4E
I HTE 2 e B A EEe) HEIAIGH Method
Detection LimityS AHI8IAT =4 1452 58
Ng 7} FAEH) w} SR 25250 py/LyHA 24
Shle= FMsla, SME S-S 73 BAg v B
Agke] BFARE APgstd AEAIGE ek B
& HAo] FAIEE s S8k £ g 230
nm®} 254nm Y o AESHAGS BISIAcH Table 9).
4 230 nmelA1e] HMX, RDX ¥ TNT #HE3AE=
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Table 9. The estimated detection limits of 14 explosive compounds at two different detection wavelengths (230 nm and 254 nm)

TP ’STD *MDLs (ug/L) Max. Optimum

Compound ”
(230 nm) 230 nm 254 nm 230 nm 254 nm wavelength (nm) wavelength (nm)

HMX 8109 6.88 9.45 22 30 227 230
RDX 8033 7.02 16.98 22 53 202~233 230
TNB 12285 8.40 11.56 26 36 227 230
DNB 12985 7.38 6.77 23 21 240 230, 254
NB 13684 51.02 22.54 160 71 199~266 254
Tetryl 12373 3.78 13.27 12 42 228 230
TNT 15434 7.72 19.74 24 62 230 230
2-Am-DNT 13815 797 12.77 25 40 225 230
4-Am-DNT 13240 7.11 11.47 22 36 201~230 230
2,4-DNT 19227 10.68 3.45 34 1 201~249 254
2,6-DNT 20166 15.62 12.02 49 38 201~238 230
2NT 17466 70.43 46.46 221 146 202~264 254
ANT 18374 44.71 33.12 140 104 199~283 254
3NT 17871 66.14 20.11 208 63 202~272 254

'TP : Theoretical Plate (TP =16 x (R/w)?)
2STD : Standard Deviation
"MDLs : Method Detection Limits (MDLs = 3.14 x STD)
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Table 10. UV/VIS Spectra of 14 Explosive compounds in EPA SW-846 Method 8330
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o]2je] FFEAET 230 nmelAE 20~30 pg/Le] AE3H 200nm = 2 264~283 nmollA 2709] peak maxima
AE 71800}, NBY 7% 160 pg/L, Z#)IL nitrotoluenes ZkS zb7) wjio|ti(Table 10). L A} Fig 2049} 2
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& o= A E49] 2HEA & $= Q150 NB vl sjekE-del wEjr F3=9 Xjel7t drh 4
9} 3%2] nitrotoluenes 230 nmol|X¢] FF=r} o o] 230 nm¥ # HMX, RDX 2 TNT 5¢] =7}
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Fig. 2. The effects of detection wavelength on the peak height under the same elution cditions (Isopropanol : Acetonitrile : Water =
18 : 12 : 70, flow = 0.8 mL/min, injection volume =20 ul. temperature 30°C).
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